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Debugging
 Why debugging?

— Your program crashes for a unknown reason
— Your program gives wrong results

* How to find coding errors?

— Using print statements
* Insert print statements in strategic locations

* Can be difficult to know where the code fails and whether variables have
incorrect values

* Recompile whenever you make a change - tedious and time-consuming
— Using debuggers
* You compile only once (generally)
e (Can point to where the code fails
* They let you control execution pace of your program and examine variables
» Useful tools can aid your detective work greatly
— Visualization and statistics
— Memory debugging
— MPI message queue
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Parallel debuggers on Cori and Edison

* Parallel debuggers with a graphical user interface
— DDT (Distributed Debugging Tool)
— TotalView

* Specialized debuggers on Cori and Edison

— STAT (Stack Trace Analysis Tool)
* Collect stack backtraces from all (MPI) tasks

— ATP (Abnormal Termination Processing)
* Collect stack backtraces from all (MPI) tasks when an application fails

* Valgrind
— Suite of debugging and profiling tools
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DDT and TotalView

* GUI-based traditional parallel debuggers
— Intuitive and simple to use; many useful tools
— Allow to control program’s execution pace and, sometimes, execution path
* Set breakpoints, watchpoints and tracepoints
— Display the values of variables and expressions, and visualize arrays
* Check whether the program is executing as expected
— Memory debugging
— Message queue feature NOT working with Cray MPI
 Works for C, C++, Fortran programs with MPI, OpenMP, pthreads
— DDT supports CAF (Coarray Fortran) and UPC (Unified Parallel C), too

 Maximum application size for the debuggers at NERSC
— DDT: up to 4096 MPI tasks on Cori (Haswell and KNL) and Edison
— TotalView: up to 512 MPI tasks on Cori (Haswell) and Edison
— Licenses shared among users and machines

* Forinfo
— https://www.allinea.com/products/ddt
— http://www.nersc.gov/users/software/debugging-and-profiling/ddt/
— http://www.roguewave.com/products/totalview
— http://www.nersc.gov/users/software/debugging-and-profiling/totalview/
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How to build and run with DDT

ftn -g -00 -0 jacobi mpi jacobi mpi.£f90 Compile with -g to have debugging symbols
Include -O0 for the Intel compiler

salloc -N 1 -t 30:00 -p debug -C knl,quad,cache Start an interactive batch session
module load allineatools Load the allineatools module to use DDT
ddt ./jacobi_mpi Start DDT
X/ Run
Application: /scratch1/scratchdirs/wyana/parallel_jacobifjacobi_mpi Details The module name Wi"
Application: | /scratchl/scratchdirsiwyang/parallel_jacobifjacobi_mpi | El change to 'forge' for
LTI | future versions
I~ stdinfile: | = E‘
Working Directory: [ =l El
[V MPI: 4 processes, Cray X-Series (MPl/shmem/CAF) Details

Number of processes: |4 Hi
Processes per Node: |24 EZ

Implementation: Cray X-Series (MPI/shmem/CAF)  Change... |

aprun arguments | |
[~ OpenMP Details
I~ cupa Details
[~ Memory Debugging Details...
[~ Submit to Queue Configure... Parameters...
Environment Variables: none Details
Plugins: none Details
X
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If you are far away from NERSC

Remote X window application (GUI) over network: slow
response

Two solutions
— Use NX to improve the speed

Works with any X window applications
https://www.nersc.gov/users/network-connections/using-nx/ (general)

http://portal.nersc.gov/project/mpccc/nx/NX Tutorial/Start Over.html

(installation and quick user guide)

— Use Allinea Forge remote client
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Runs on your desktop/laptop

Submit a debugging batch job from a NERSC machine and make the client
reverse connect to the job

Displays results in real time
No license file required on your local desktop/laptop
http://www.allinea.com/products/forge/download (downloading remote

clients)
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Using NX

@6 ®

File Edit View Control Tools Window Help
B B33 REEEEIER ! -5~

Current Group: [All ~|Focus on current: ¢ Group ¢ Process ¢ Thread [T Step Threads Together

NN 2 N 3 | R

Project Files &% | ¥ jacobi_mpif30 3 | Locals ~ Current Line(s) ] Current Stack |

€ Current Line(s

ISearch (Cir+) N 39 1 Allocate memory for arrays. = - (5)

= = Application Code 40 Yarlable MName |Value I
@ / -

=f

?SOUWES call allocate(u(0:n,js-1:je+l), unew(O:n,;_I

: e
compute_diff 43 I Initialize f, u(0,*), u(n:¥), u(¥,0)
get_indices 44
init_fields — - - -
jacobi_mpi 45 call init_fields(u,f,n,js,je)
read_params 46
set_hc 47
External Code 48

—1499
—0
—23999

I Main solver loop.
1.0 /' n

do k=1,maxiter
call mpi_sendrecv(u(l,js ),n-1,mp"_

4 |

IType: none selected

Input/Output | Breakpoints ] ‘Watchpoints ~ Stacks | Tracepoints | Tracepoint Output | Logbook] Evaluate

Stacks & X | Expression |Va|ue |
Processes Function

s Allinea DDT - Allinea Forge 7.0

~
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Using Allinea remote client

% Allinea DDT - Allinea Forge 7.0

(1) Select ‘Configure’ to create a
weeee configuration for a NERSC machine

ATTACH
Attach to an already running program.

allinea Ghen a-core e rom & previous run.
DOT L A UOICED
OPTIONS
a"inea Remote Launch:
v Off S
M/\p onfigure...
auir
2"d entry for a MOM nod
Cori: cmom02 or cmnomO06
Edison: edimom01], ..., or edimomO06
Connection Name: cori I
Host Name: wyang@cori.nersc.gov wyang@cmom02.nersc.gov
How do | connect via a gateway (multi-hop)?
Remote Installation Directory: /usr/common/software/allineatools/default
%i‘f—’alﬂs Remote Script | /usr/common/software/allineatools/remote-init
alinea.con | Always look for source files locally
@ Remote Client| ?

Test Remote Launch

(2) Create a configuration

Help OK Cancel

@R Us DEPARTMENTOF | Office of Note that the paths will
@ENERGY  science i
X change for future versions

A
reeeoee] Y

BERKELEY LAB
Lowrance ek torl Loy




Using Allinea remote client (Cont’d)

(3) Select a machine (4) Enter the NIM password

RUN % Connect to Remote Host

Run and debug a program.
Connecting to wyang@cori wyang@cmom02 ...

ATTACH
Attach 1o an already running program. << Hide Terminal
OPEN CORE * Department of Energy personnel.*
fila ¢ ’ .
Open a core file from a previous run. *Unauthorized or improper use of this system may result in
* administrative disciplinary action and civil and criminal
* penalties. _By continuing to use this system you indicate
* your awareness of and censent te these terms and conditions *
MANUAL LAUNCH (ADVANCED) * of use. 10G OFF IMMEDIATELY if you do not agree to the
Manua"y launch the backend )‘OUI’SE". conditions stated in this warning._*
Password l
OPTIONS

Cancel

Remote Launch:

v Off
Configure...

alson

carl
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Using Allinea remote client (Cont’d)

(5) Submit a batch job on a NERSC (7) Set parameters and run
machine and start DDT

Application: /global/cscratch1/sd/wyang/debugging/jacobi_mpiomp Details
Application:  /global/cscratchi/sd/wyang/debugging/jacobi_mpiomp i 8

$ salloc -N 1 -t 30:00 -p debug -C knl
Arguments: a

ce°° stdin file: =

S module load allineatools _

. . . Working Directory: n =5

$ ddt --connect ./jacobi mpiomp
MPI: 16 processes, SLURM (MPMD) Details
Number of Processes: 16 z

Processes per Node 1

Implementation: SLURM (MPMD) Change...

(6) Accept the request srun arguments | 16 -
74 OpenMP: 8 threads Details
A new Reverse Connect request is available Number of OpenMP threads: 8 ¢
' from nid08791 for Allinea DDT.
CUDA Details
L Command Line: —connect ./jacobi_mpiomp
Memory Debugging Details.
Do you want to accept this reqmst? Submit to Queue Configure... Parameters..
Environment Variables: none Detail
Help Accept Reject -
Plugins: none Details
Help Options ﬁ Cancel
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DDT window

For navigation

(I
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Current Group: = All

Focus on current:

Group  Process = Thread

n, &,

Step Threads Together

Processing entity

to control

To check the value of a

Locals  Current Line(s)  Current Stack
Current Line(s) 00
Variable Name Valle
joff 43360
myid
n
np

Sparklines to
quickly show
variation over
MPI tasks

variable, right-click on a

variable or check the
pane on the right

vaiuais

1 selected

00

- [0 ][N = i [ [ [ [ i ) = [
Create Group
rosaries 00 | & 1 osnoiompreo [ T
Search (ggK) (\‘ .9 subr, ine set_bc(u,n,]js,je)
v & Application Code
> B/
v | Sources
v F jacobi_mpiomp.f80
® compute_diff
# get_indices
® init_fields
® jacobi_mpiomp T j-index offset
¥ read_params
® set_bc
» & External Code
Inp... Bre... Wat... Sta... Tra... Trac...  Logbook
Stacks (All) ® © |Expression  Value
Processes Threads Function A
16 16 vjacobi_mpiomp (jacobi_mpiomp.f90:45)
16 16, vinit_fields (jacobi_mpiomp.f90:191)
16 116 ] set_bc (jacobi_mpiomp.f90:210)
2 2 »nem_gni_error_handler

NP, VD WEFANI RN U

JENERGY s

Parallel stack frame view

is helpful in quickly

finding out where each

process is executing

ence
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Navigation

% (O Allinea DDT - Allinea Forge 7.0 <@nid03499> @ ®
File Edit View Control Tools Window Help

b lu B & REEIETEIE: ! -~

Current Group: All ~|Focus on current: & Group ¢ Process ¢ Thread [T Step Threads Together

[ Lo Jl 2= e s e (7 (e J[s |[no ][ =t [v2][1= ][ x4 |[15]

. PIay/Continue
* Pause
* Add Breakpoint

* Step Into
— To next line; if it’s a function call, enter the function

* Step Over
— To next line in the current stack frame even if it’s a function call

* Step Out

— Return to the caller function
* Run To Line

~

U.S. DEPARTMENT OF Offlce of :}I '}

ENERGY Science -12- ;.;5551-51.&55




Breakpoints, watchpoints and tracepoints

* Breakpoint
— Stops execution when a selected line (breakpoint) is reached
— Double click on a line to create one; there are other ways, too

Watchpoints for variables or expressions
— Stops when a variable or an expression changes its value
* Traceponits

— When reached, prints what lines of codes is being executed and
the listed variables

Can add a condition for an action point
— Useful inside a loop

e Can be active or inactive
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Many ways to check variables

* Right click on a variable for a quick summary
 Variable pane
e Evaluate pane

* Display variable values over processes (Compare across processes) or
threads (Compare across threads)

« MDA (Multi-dimensional Array) Viewer JR———
— VIS ua I | ya ati on Distributed Array Dimensions: None '3 How do | view distributed arrays Angncsa;c:ll —

x

"~ Staggered Array What does this do? guicecalc
o o
— Statistics
From 0
To: 9
= '
Display: = Row:
Array Expression: uNorth$) | Evalate
ributed Array Dimensions: None 2 e B L Cancel
Al % Only show if: See Examples
q Au
Staggered Array What does this do? Data Table  Statistics
ange of $i
Count: 50
From: Not shown: 0
To: Errors: 0
ispli Rows Aggregate: 0
Numerical: 50
Sum: 15.2618
Only show if. See Examples Minimum: 0
Data Table  Statistics Maximum: 0.580318
<) Goo |40 visuaize [ Expor Window A (el
Mean: 0.305235
0 Variance: 0.030429
.0131118195 -0
0262203719 nan:
039322391 -nan: 0
052414607 inf: O
065493762 nf: 0
6
00000000000 <0 0
91599844,
0.104620: =0: 1
>0: 49

Help lose
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Memory debugging

e Why?
— To detect memory leaks
— To catch out-of-bound array references
— To catch other memory errors (“double free”, etc.)
— To see memory usage

* For a statically-linked executable

— For non-threaded code
$ ftn -c -g -00 myprog.f
$ static_linking ddt md ftn -o myprog myprog.o
# instead of ftn -o myprog myprog.o

— static_linking ddt_md_th for threaded program

— Similarly for C and C++ codes

— static_linking_ddt_md and static_linking_ddt_md_th are utility scripts
provided by NERSC

* For a dynamically-linked executable, build as usual
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Enabling memory debugging

When you click ‘Details. ..’

% ©® Run <@nid09042> ®Ee ®

% (O Memory Debugging Options <@nid09042: @ ©® & &

Application: /global/cscratch1/sdfwyang/debugging/memory_leaks Details

¥ Preload the memory debugging library Language: [C/Fortran, no threads |~
Application: | /globalicscratch 1/sdfwyang/debugging/memory_leaks H & | Note: Preloading only works for programs linked agail-ia i cMLEIIEEES

) ) h o ) CiFortran, threads
program is statically linked, you must relink it against t C++, no threads

Arguments: | | manually. C++, threads
I~ stdin file: | -] a | Heap Debugging
Fast Balanced Thorough Custom
Working Directory: | - = | 3 ; ; ; ; :
) Enabled Checks: [basic Ivore Information
¥ MPI: 16 processes, SLURM {(MPMD) Details

Heap Overflow/Underflow Detection

MNumber of Processes: 16 =
[~ Add guard pages to detect out of bounds heap access

I~ Processes per Node |1 — Guardpages: [1 =] Add guard pages: [After -]
Implementation: SLURM (MPRMD)  Change... Advanced
srun arguments I‘c 16 j [~ Check heap consistency every | 100 Ei heap operations
' v Store stack backtraces for memory allocations
3 OpenMP Details [~ Only enable for these processes:
_CUDA Details [0-15 100% _Selectall | x2 | x05 | 1% |
¥ M Debugging: Fast, [ d , Backt Details...
emory Debugging: Fast, No guard pages, Backtraces etails elp Cancel
™ Submit to Queue Configure... Parameters... L 3}
Environment Variables: none Details . . .
*  For a dynamically-linked binary only
Plugins: none Details — Check ‘Preload the memory debugging library’
— Select the appropriate one from the
‘Language’ pull-down menu
* Adding guard pages (default: 4 KB) before or
after memory blocks for detecting out-of-
Help | Options | Bun Cancel

bound heap array references

~
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Memory debugging — Overall Memory Stats

Tools > Overall Memory Stats memory_leaks.f from NERSC DDT web page

"X O Memory Statistics for "All" group (15:11:06) <@nid09042> —— @O ®

Restrict to the top |16 32 processes

Graph View I Table View]

Total Bytes | Total Calls | Current |

Total bytes allocated freed

180,000,000

160,000,000

140,000,000

120,000,000

100,000,000 -] % Memory leaks of 120 MB

Legend
. allocated bytes
deallocated bytes

80,000,000

60,000,000

40,000,000 1 11— B A TR | -

20,000,000 B |l B | S i | e |

I
\
|
RN

0 T T

Help | Close |

>
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KNL MCDRAM usage on Cori

Restrict to the top 16

Memory Usage  Allocation Table

Total Acrass Processas (in Bytes)

Allocation Details

v 268,435,456 bytes, 1 allocation
v hbw_malloc (hbw_malloc.c:51) (268,435,456 byte...
At: 0x2aaafd85c000, size: 268,435,456 bytes, ...

Refresh Help

Edit Custom Allocators...

900,000,000

Curront Usage Across Processas (In Bytes)

Show the top

U.S. DEPARTMENT OF

ENERGY

Office of
Science

| | strict to the top  [16

500,000,000

% Memory Statistics for “All" group (17:43:07)

processes, showing ) memkind [ default memory_
WCEBRN Tole View
Total Calls  Current

000,000

700,000,000 —

600,000,000

500,000,000

400,000,000 —

300,000,000

Memory blocks allocated in MCDRAM with memkind’s hbw_malloc calls
and Fortran’s fastmem directives are annotated accordingly in DDT/7.0.

—

Logend
W aliocases bytes (Al

Dotaut)
allocates bytes (memkind_how_praferred)
dealocated bytes (memkind_how_praterred)

200,000,000

100,000,000 —




KNL MCDRAM usage on Cori (Cont’d)

With numactl

— In an interactive batch job:
1. Run ddt in background
$ ddt &

Select ‘MANUAL LAUNCH
(ADVANCEDY’

Set run parameters and check

‘Memory Debugging’

Click ‘Listen’

Run a srun command:

$ srun -n numactl \
--preferred=1 \
allinea-client ./a.out

— --mem_bind=...: simply use srun’s
--mem_bind=map_mem:... instead

MCDRAM usage is not properly
annotated in version 7.0. Reported
to Allinea. This problem will be
resolved with a new version of
Slurm.

U.S. DEPARTMENT OF Ofﬁce Of
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RUN
Run and debug a program.

ATTACH
Attach to an already running program.

OPEN CORE
Open a core file from a previous run.

MANUAL LAUNCH (ADVANCED) "% O Manual Launch <@nid11074> —— D00 ®|
Manually launch the backend yourself.
OPTIONS Runtime: manual launch Details
- Number of Processes: |16 3:
Remote Launch: I CUDA Details
IOff j
¥ Memory Debugging: Fast, No guard pages, Backiraces Details...
QuIT Plugins: none Details

Help Options

Cancel

A © Memory Usage for "All" group (18:53:14) <@nid11074>

RBestrict to the top | 16 E|: processes
Memory Usage | Allocation Table |

Current Usage Across Processes (in Bytes)

= =

800,000,000 P A AL A P A M e e e e ) )

‘Total Across Processes (in Bypes)

Legend
B Process 900,000,000 T
W Process 10 4 T
I Process 11

Process 12
I Process 13
? Process 14
M process 15
Ml Process 1
Process 2
Process 3

700,000,000 —

600,000,000
qqqqq bax

500,000,000 |
Process 4
Process §
Process 6
Process 7
Process 0

400,000,000~

300,000,000 1

Allocation Details |
= 805,306,368 bytes, 3 allocalions
= main (hbwe.c:38) (268,435,456 bytes, 1 allocati...
At: Dx2aaaee3dall0, size: 268,435,456 bytes
= main (hbwe.c:41) (268,435,456 bytes, 1 allocati...
At: Dx2aab0e3db000, size: 268,435,456 bytes
= main (hbwc.c:40) (268,435,456 bytes, 1 allocati...
At: Dx2aaafe3dal0l, size: 268,435,456 bytes

200,000,000

100,000,000 |-

ol
9 10 1 12 13 14 15 1 2 3 4 5 6 7 0 8

Legend

|| B main (hbwe.c)
ckalloc (string3.h)

I emor_ret (sioz.h)

I GN1_EpCreate
__strdup (strdup.c)
Other allocations

Show the top [5 = locations

Edit Custom Allocators.. |

Refresh

Help

-19 -
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TotalView

sal loc _N 1 -t 3 0 H 00 -p debug = () Startup Parameters - srun <@nid01308> ———— © ®
mOdu l e l Oad tot a l v i ew Debugging Options] ﬁrguments] Standard I/O] Paral_lel]
_| Enable ReplayEngine
expo rt OMP NUM THREADS: 6 Record all l;royjc_;ragn state while running. Roll back your program to any point in the past.
. - - . . . _| Enable memory debugging
totalview srun -a -n 4 ./jacobi_mpiomp

Track dynamic memory allocations. Catch common errors, leaks, and show reports.

v U N -

| Halt on memory errors

_| Enable CUDA memory checking
Detect global memory addressing violations and misaligned global memory accesses.

Then,
* Click OK in the ‘Startup Parameters - srun’ window

| Show Startup Parameters when TotalView starts

Changes take effect at process startup.

lick ‘Go’ b inth [ ind T
Click ‘Go’ button in the main window \) Cancel Hep
N’

= (O srun <@nid01308> ———— OB ®
File Edit View Gy ™ocess Thread Action Point Debug Tools Window ﬂelp‘
P 395+ @ 49 2 a =M
Restart| Next Step ©ut Run To|Record GoBack Prev UnStep Caller BackTo Live

Process 1 {0): srun {Exited or Never Created) EE== =EEE
No current thread

Stack Trace T' Stack Frame

Group (Control) ‘ L]

* Click “Yes’ to the question ‘Process srun is a parallel job. Do you want to stop the job now?’

= (©) Question <@nid01308: © &

Process srun is a parallel job.
Do you want to stop the job now?

~
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TotalView (cont’d)

Root window

= () TotalView for HPC 2016.07.22 <@nid01308> —
Eile Edit View Tools

©6e ®
ﬂelp|

m

Process State |Procs |Threads |Members
=M Running 1 1 pi
. &-<urknown address> 1 4 pl.1-4
11 1 1 piA
1.2 1 1 p1.2
1.3 1 1 p1.3
: - 1.4 1 1 pld
& I Breakpoint 4 4 0-3
- jacobi_mpiomp 4 4 0-3.1
-2 1 1 0.1
~3.1 1 1 1.1
~4.1 1 1 2.1
~5.1 1 1 3.1
=-__sched_yield 4 20 0-3.2-6
~2.2 1 1 0.2
~2.3 1 1 0.3
24 1 1 04
~2.5 1 1 0.5
28 1 1 06
~3.2 1 1 1.2
~3.3 1 1 1.3
~34 1 1 14
~3.5 1 1 1.5
~3.6 1 1 1.6
4.2 1 1 22

State of MPI tasks
and threads;
members denoted

roughly as
‘rank.thread’
; U.S. DEPARTMENT OF Ofﬂce Of
@ ENERGY  science

4

Configure <<

Process window

= © srun<jacobi_mpiomp>.0 <@nid01308> For nawgat‘lon @6 6
File Edit View Grou OFT bug Tools Window Help‘
> i l Ib 593 9 9 2 a =M

Group (Control)

0 Halt Kill Restart

Next Step Out R

o|Record GoBack Prev UnStep Caller BackTo Live S

piomp=.0 (At Breakpoint 1) [M]

AL Thread 1 (12365626): Jzcobi_mpiormp (At Sreckpoint {) NINNNNATNANIIINE

Stack Trace Stack Frame
[f30] jacobi_ mpiomp, FP=7ffffff£f65£0 -\ Function "jacobi_mpiomp": A
main, FE=Tffffff£f6690 No arguments. 8
_libe_start_main, FP=7fffffff6750 Local wvariables:
_start, FP=7Tfffff£f£f6760 ierr: 2 nggggggggg;
nbr_up: X
nbr_down: -1 (Oxffffffff)
jel: 5999 (0x0000176f)
jsl: 1 {0x00000001)
je: 5999 (0x0000176f)
7 is: 0 {0x00000000) b
Function jacobi_mpiomp in jacobi_mpiomp.f90 E=r=|
65 unew (i, j) = omega * utmp + (1. - omega) * u(i,j) A
66 enddo
67 enddo
68 !Somp end parallel do
69
70 call set_be(unew,n, js, je) To see the value of a |
721 Compute the difference between unew and u. . . .
g5 COUPHES Fhe criiemenes B variable, right-click on a
call compute_diff{u,uneiin.is.e.diffnorm) . bl ”d' ” .
o it (myid == 0) princ *, D variable to "dive” on it or
77 Add to Expression List H H
78 1 Make the new walue the « P = jUSt hover mouse over |t
79 Across Processes
[ 80] !$omp parallel do
do %=j§;1,je+1 - Across Threads
uf{:,3) = unew(:,J Iy i
83 end do Set Breakpoint
84 !Somp end parallel do Set Barrier £
= Create Watchpoint r ————
Action Pomts] Threads] 2 Cﬂ P BIT_IBf
=d 1 jacobi_mpiomp. £90474 ja Enily g - |
Disable .
Breakpoints, etc. — For selecting MPI task
_ and thread
Properties
A




Viewing variables

e Variable window * Visualization and stats

= () unew - srun<jacobi_mpiomp>.0 - 2.1 <@nid01308>- © A & - ov:"":w:m”"l:sow S ®|
File Edit View Tools Wind Hel e : .
]IE[T = T'Ie"“ 00F Lneo =TT gfgy Tools > Visualize
. = e . = 2.2530+04
Expression: | unew Address:| 0x00b3b180 [Sparse] X
Slice: | (:,) Filter:

Actual Type: REAL*4 allocatable::(0:23999,-1:6000)
Type: | REAL*4 allocatable:(:,:)

Field \Value m|
(0,-1) 0 af Z 049 i
(1-1) 0
(2"1) 0 [= O Array Statistics <@nid01308> © @ ®
(4’_1) g > File Edit Window Help
I Y
(1) ||||||||||||||||||||||||l||||l||||||||I||||I||I|||||||||||l||||||||I||||l||||||||||||||||||||||||||||||||||I||||
(5-1) 0 {at 0x00b3b180) [Sparse] Type: REAL*
(6'1) 0 Slice: (:,.)
! Filter:
(7-1) 0
(8-1) 0 Count: 144048000
L 4} Zero Count: 48001
Sum: 71995547.022825¢C
Minimum: 0
Maximum: 1.06248438358307
Median: 0.5
Mean: 0.4998024757221¢F
.. Standard Deviation: 0.0111808447813¢
Tools > Statistics |First Quartile: 0.5
Third Quartile: 0.5
Lower Adjacent: 0.5
Upper Adjacent: 0.5
Nall Count: 0
Infinity Count: 0
Denormalized Count: 0
U.S. DEPARTMENT OF Office of Checksum: 31490 7
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Memory debugging with MemoryScape

* MemoryScape integrated into TotalView for memory
debugging

— Memory leaks
— Memory usage
— Memory corruption

* A statically-linked executable

S module load totalview
$§ CC -g -00 -o memry leaks memory leaks.o ${TVMEMDEBUG POST OPTS}

* A dynamically-linked executable, build as usual

$ CC -dynamic -g -00 -o memry leaks memory leaks.o
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Memory debugging with MemoryScape

e Start TotalView and enable memory

= () Startup Parameters - srun <@nid01308> — © ®

debugging in the ‘Startup J:M poe

Record aH program state while running. Roll back your program to any point in the past.

[~ Enable memory debugging
Track dynamic memory allocations. Catch common errors, leaks, and show reports.

Parameters’ window

_| Enable CUDA memory checkin
Detect global memory addressi ng violations and misaligned global memory accesses.

* Proceed to use TotalView as usual

J7 Show Startup Parameters when TotalView starts

Changes take effect at process startup.

OK Cancel Help
=

 For memory-related issues, open & e =

ot Previous Al-Shift+N  r Bj
MemoryScape from the Debug pull- @ L
= Caller Alt+Shift+O
rlr Back To Alt-Shift+-R
d OW n m e n u Go Back Alt+Shift+G
Live Alt+Shift+L
Previous Instruction Alt+Shift+X
Unstep Instruction Alt-Shift+
F Enable Memory Debugging  Ctri+Shift+h
in ©~ Stop on Memory Errors |
N Open MemoryScape Alt+Shift+M
Heap Baseline -
Memory Block Properties
Memory Event Details
- Enable CUDA Memcheck

SR U.S. DEPARTMENT OF Office of
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Memory debugging examples

= () MemoryScape 2016.07.22

I s v | M y Usag C
February 21, 2017 Leak Detection Source Report
Save Data Option
g:;grtleg%;y Data... 1l Relative to Baseline ® Enable Filtering
Leak Detection Reports i
Backtrace Report =~ Process 3: srun<memory-leaks>. 1 967.34KB 4767
e - memory-leaks 967.34KB 4767
"’_““9’ g’PM; Categories & myClassB o 816.00KB 1560
M:?npory‘TJt::geeg\:girts | & myClassBainit 816.00KB 1560
Corrupted Memory Report | line st 768.00KB 1536 _ i
Compare Memory Usage | Block 597 0 597 |
D 1 0x00b7ffad 0x00b8019f 597
Other | 512 1 0x00b71b30 0X00b7fd7f 597
Manage Filters | . 512 1 0x00b71760 0x00b795f 597
B
Backtrace Source
/ |:scratch1/sdlwyang/debugging/examp\eslsrdmyCIassB.cxx
f
Process Selection memory-leaks |44 )
[ [ 5imyClassBoxx  |EIN .
Parallel Job srun<memory-leak: ’V 27 myClassB.oxx V°‘d myClassB:init{void) { = P
D 828 main.cxx i 6 * sizeof(int M1
__libc_start_main 242 libc-start.c P b_pp = (int ™) malloc (size * sizeof{int *));
_start memory-leaks 50 i+4) {

February 21, 2017

Save Data
Save Report...
Export Memory Data...

Other Reports Categories
Heap Status Reports
Memory Usage Reports
Leak Detection Reports
Compare Memory Usage

Other Tasks
Manage Filters

Process Selection

Parallel Job srun<memory-corru

i srun<memory-corrupt=.
il srun<memory-corupts,
§ srun<memory-corupts.
I srun<memory-corrupts.: |

U.S. DEPARTMENT OF Ofﬁce Of IR YT

R
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Corrupted Memory Report

Options
Enable Filtering

|0K00aBGa30 20430 bytes

ox00a6da2f

|0R00a60250 64 bytes g

| 00026 dabe 64 bytes on00a5dacf
2
| 00036 dase 64 bytes 0n00a6daf | 0x00aEdzbC 64 bytes 01006 |0:0085db10. 64 bytes 0x00a5db4F
e ] N
|0#0085db10. 64 bytes 0n00a5db4f | 0400aEdb7E 64 bytes oxogldbat | 0x00a6dbde 64 bytes 0x00a5dceff
|0x00aBdb7C 64 bytes Onovasdbf | Oxoasdbdo 64 bytes oMossdce  |owo0asdcis 64 bytes oxoasdeq
e
orrupte
|0x0036dc30 64 bytes ox00aBdcgf | 0x0035dcaC s wodssdecf  0x00a5dct 64 bytes 0x00a6dd31 ]
Backtrace/Source | Memory Content | guard blocks

41 ¢2 ¢4 38

Bytes
eGSR o5 W |

0x00a6dat0
0x0026dat8
0x00abdar0
Ox00abdar8
0x0026das0
0x00a6dag8

!




STAT (Stack Trace Analysis Tool)

* Gathers stack backtraces (showing the function calling sequences
leading up to the ones in the current stack frames) from all (MPI)
processes and merges them into a single file (*.dot)

— Results displayed graphically as a call tree showing the location in the
code that each process is executing and how it got there

— Can be useful for debugging a hung application

— With the info learned from STAT, can investigate further with DDT or
TotalView

* Works for MPI, CAF and UPC, but not OpenMP

 STAT commands (after loading the ‘stat’ module)
— stat-cl: invokes STAT to gather stack backtraces
— stat-view: a GUI to view the results
— stat-gui: a GUI to run STAT or view results

* For more info:
— ‘intro_stat’, ‘stat-cl’, ‘stat-view’ and ‘stat-gui’ man pages
— https://computing.linl.gov/code/STAT/stat userguide.pdf
— http://www.nersc.gov/users/software/debugging-and-profiling/stat-2/
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Hung application with STAT

* If your code hangs in a consistent manner, you can use STAT to
see if and where some MPI ranks are stuck.

* Currently, one known way to use STAT is as follows.
$ ftn -g -o jacobi_mpi jacobi mpi.£f90 with usual optimization flags, if any
$ salloc -N 1 -t 30:00 -p debug -C knl,quad,cache

$ srun -n 4 ./jacobi mpi &

[1] 93834
S module load stat
$ stat-cl -i 93834 -i to get source line numbers

. . STAT samples stack backtraces a few times
Attaching to application...

Attached!

Application already paused... ignoring request to pause
Sampling traces...

Traces sampled!

Resuming the application...
Resumed!

Merging traces...

Traces merged!

Detaching from application...
Detached!

Results written to /global/cscratchl/sd/wyang/debugging/stat results/jacobi mpi.0001

$ 1s -1 stat_results/jacobi_mpi.0001/*.dot
—-rW—Yr————— 1 wyang wyang 2768 Feb 20 21:24 stat results/jacobi mpi.0001/00 jacobi mpi.0001.3D.dot

$ stat-view stat_results/jacobi_mpi.0001/00_jacobi_mpi.0001.3D.dot

~
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Hung application with STAT (Cont’d)
X| STATview
File Edit View Help
B B & € &4 8 & & v & ¥ Kk 20 Q MW
SaveAs Undo Redo Reset  Layout Cut Join EqC Path Path Tasks Tasks Search EqC
Command History
Collapse Depth: MPI_Se

Open
00_jacobi_mpi.0001.3D.dot W

_start@start.5:122

4:(0-3)
A
_libc_start_main@libc-start.c:285

4:[0-3)

Ranks 1 & 2 are here

Rank O is here

2:(1-2)

:[1-2]

MAIN__@jacobi_mpi.f90:208

Rank 3 is here

>

AY
||||
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ATP (Abnormal Termination Processing) m

e ATP gathers stack backtraces from all processes if an application
fails

— Invokes STAT underneath

— Output in atpMergedBT.dot and atpMergedBT _line.dot (which shows
source code line numbers), which are to be viewed with stat-view

* By default, the atp module is loaded on Cori and Edison, but ATP
is not enabled; to enable:
export ATP ENABLED=1 # sh/bash/ksh
setenv ATP ENABLED 1  # csh/tcsh

e (Can get core dumps (core.atp.jobid.rank), too, by setting
coredumpsize unlimited:
ulimit -c unlimited # sh/bash/ksh
unlimit coredumpsize # csh/tcsh
but they do not represent the exact same moment in time
(therefore the location of a failure can be inaccurate)

* For more info
— ‘intro_atp’ man page
— http://www.nersc.gov/users/software/debugging-and-profiling/stat-and-

u.s. DEPARTMQILQZ Office of /_\I
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Hung application with ATP

* Force to generate backtraces from a hung application

* For the following to work, must have used
— ‘export ATP_ENABLED=1’ in batch script
— ‘export FOR_IGNORE_EXCEPTIONS=true’ in batch script for Intel Fortran
— ‘f no-backtrace’ at compile/link time for GNU Fortran

$ sacct -j 4097861 Find the job stepID BB ecsadX3F sz il
JobID JobName Partition Account AllocCPUS*‘ﬁ State EXltCOde —
________________________________________________________________ ’__;I,___ H; pe epth pmpi_
/4/[03 \4[0 3]

4097861.0 jacobi mp+ nstaff 4 RUNNING:: | [0 3]
e Ja1031 ‘\4 (03]

. . . B y A
$ ssh edimom02 Kill the application on a MOM node (e sarmangive sancaz] [[sicsrey |
$ scancel -s ABRT 4097861.0 e
$ exit P nrwram(g)OxAOOdez _

_—10) R:[1-2] ~1:3]

$ cat Slurm_4097 861 out IMAIN @jacobi_mpi f90(1772 MAIN, @Jac:m mpi.f90:52 77771"

Application 4097861 is crashing. ATP analysis proceeding..

p:[1-2]

Process died with signal 6: 'Aborted'

View application merged backtrace tree with: stat-view atpMergedBT.dot

S module load stat
t-view athergedBT .dot # or statview atpMergedBT line.dot ~
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Valgrind N

* Suite of debugging and profiler tools

* Tools include
— memcheck: memory error and memory leaks detection
— massif, dhat (exp-dhat): heap profilers
— cachegrind: a cache and branch-prediction profiler

— callgrind: a call-graph generating cache and branch
prediction profiler

— helgrind, drd: pthreads error detectors

* Forinfo:
— http://valgrind.org/docs/manual/manual.html
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Valgrind’s memcheck

$ module load valgrind

$ ftn -dynamic -g -00 memory_ leaks.f SVALGRIND MPI_LINK

$ salloc -N 1 -t 30:00 -p debug -C knl

$ srun -n 2 valgrind --leak-check=full --log-file=3p ./a.out Could have explicitly

$ 1s -1 added ‘--tool=memcheck’
-rw-r--r-- 1 wyang wyang 7550 Feb 21 23:36 91835

-rw-r--r-- 1 wyang wyang 7550 Feb 21 23:36 91836

* Let’s look at the report for process 91835

S more 91835

==91835== LEAK SUMMARY:

==91835== definitely lost: 83,886,880 bytes in 20 blocks
==91835== indirectly lost: 0 bytes in 0 blocks

==91835== possibly lost: 41,943,440 bytes in 10 blocks
==91835== still reachable: 103,903 bytes in 74 blocks
==91835== suppressed: 0 bytes in 0 blocks

e Can suppress spurious error messages by using a suppression file
(--suppressions=/path/to/directory/file)

~
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Valgrind’s massif
* For profiling heap memory usage

$ ftn -g -02 memory leaks.f
$ srun -n 2 -c 128 valgrind --tool=massif ./a.out

S 1s -1rt
—IWe—————— 1 wyang wyang 50233 Feb 21 23:55 massif.out.92841
—rw——————— 1 wyang wyang 81113 Feb 21 23:55 massif.out.92842
$ ms_print massif.out.92841
B
120.4" #
I i #
HEHEES 3 .. .
| .+ . normal snapshot; basic info provided
t#
I A T
| $:@@e: 2 oz oz oz c# . .
| ce:::e: e (@': detailed snapshot where detailed
| sz o3 Q@ t# . . .
| s s .+ infois provided
| : @ i #
I : @ t#
@:: : @ = t#
| e e .+  ‘#': peak snapshot where the peak heap
s @ : @ t# .
| : e D # usageis
| : @: : @ o #
| : @: : @ = i #
| : : @ : @ # .
| ee: ;e ce s .+  This example strongly suggests memory
0 Fmm e >Mi
0 time (instructions executed) s0.0  leaks
Number of snapshots: 95
Detailed snapshots: [14, 29, 44, 48, 50, 51, 61, 71, 81, 91 (peak)]
f) U.S. DEPARTMENT OF Office of r”:”r !
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time(1i) total(B) useful-heap(B) extra-heap(B) stacks(B)
531,809,757 96,862,856 96,761,707 101,149 0
658,233,924 126,259,976 126,130,750 129,226 0

91

99.90% (126,130,750B) (heap allocation functions) malloc/new/new[], --alloc-fns, etc.

->99.66% (125,830,320B) O0x4E3FF6A: mm malloc (in /opt/intel/compilers and libraries 2017.1.132/1lin
ux/compiler/lib/intel64 1lin/libintlc.so.5)
| ->99.66% (125,830,320B) Ox40AF1F: for allocate (in /global/cscratchl/sd/wyang/debugging/memory le

aks)

->33.22% (41,943,440B) 0x4033AF: MAIN
| ->33.22% (41,943,440B) 0x402FDC: main
|

->33.22% (41,943,440B) 0x403621: MAIN
| ->33.22% (41,943,440B) 0x402FDC: main

->33.22% (41,943,440B) 0x403898: MAIN
->33.22% (41,943,440B) 0x402FDC: main

(memory leaks.f:41)
(in /global/cscratchl/sd/wyang/debugging/memory leaks)

(memory leaks.f:51)
(in /global/cscratchl/sd/wyang/debugging/memory leaks)

(memory leaks.f:54)
(in /global/cscratchl/sd/wyang/debugging/memory leaks)

->00.00% (0B) in 1+ places, all below ms print's threshold (01.00%)

->00.24% (300,430B) in 1+ places, all below ms_print's threshold (01.00%)
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